Woodland Caribou (Rangifer tarandus caribou) were translocated from the Sustut Herd to the Telkwa Mountains in westcentral British Columbia to augment recovery of the Telkwa Caribou Herd. The animals were fitted with radiocollars and located during 1997-2000 to determine selection of habitat features and terrain variables. Six Caribou calves were also collared to determine causes and timing of calf mortality during summer 1999. Defining available habitat for newly translocated animals is often arbitrary and subjective, and we based the analyses on ranks for habitat use and availability as this is less sensitive to the inclusion or exclusion of a questionable resource. This method represents some loss of information but provides indications of the relative importance of various habitat types without classifying any as avoided. High elevation habitat (> 1700 masl) on moderate slopes (16 -45°) received the highest ranks, as did "warm" (136 -315°) aspects and forests > 250 years old. Three calves died shortly after birth. One calf appeared to have been killed by predation, likely by a Golden Eagle (Aquila chrysaetos), and one calf was abandoned by the cow. Cause of death for the third calf is unknown. To assess habitat use associated with calving we compared summer locations with data obtained throughout the rest of 1999 for eight cows with calves and eight without calves. We found significant difference in use of elevation during calving time, when cows with calves remained at high elevations and barren cows generally descended to lower elevation habitat. Surveys conducted in 2005, five years after the completion of the initial study, produced a count of approximately 90 Caribou. This suggests that in the short term, the translocation was successful in re-establishing a self-sustaining Caribou population in the Telkwa Mountains.
Woodland Caribou (Rangifer tarandus caribou), popu lations have generally experienced decline and range reduction over the last century in British Columbia (Heard and Vagt 1998) , across Canada (COSEWIC 2000*) and throughout the circumpolar region (Mallory and Hillis 1996) . Causes of decline include a combination of habitat loss, habitat fragmentation, increased human access, hunting and predation (Bloomfield 1980; Edmonds and Bloomfield 1984; Heard and Vagt 1998) , poaching (Edmonds 1988) , and possible interactions between disturbance and predation (Mallory and Hillis 1996) . Woodland Caribou in the Southern Mountain National Ecological Area of British Columbia (including the Telkwa Caribou Herd) were designated as threat ened in 2000 (COSEWIC 2000*). Caribou were once widely distributed throughout the mountainous areas surrounding Telkwa and Smithers, British Columbia, and might have formed part of a larger herd whose range extended south into Tweedsmuir Provincial Park (TCHRP 1998*) . Few data are available on the Telkwa Caribou Herd before 1997; however, surveys indicated fluctuations in herd size from less than 100 in 1949 to a high of 271 in 1965. A hunting closure was implemented for the herd in 1973 but only 68 animals were counted in 1984 (van Drimmelen 1986*) and monitoring flights in the 1990s resulted in counts of less than 20 Caribou (TCHRP 1998*) . During 1997 During -1999 Caribou were captured from the Sustut Herd about 150 km north of Smithers and translocated to the Telkwa Mountains to help the recovery of the Telkwa Caribou Herd.
Translocation is now a common tool in the recovery of populations at risk (Griffith et al. 1989 ) and the need for documenting habitat use and availability is critical in efforts to preserve endangered species and manage small populations (Manly et al. 1993) . We studied habitat use and calf survival of the Telkwa Caribou Herd from 1997 to 2000 to determine preliminary habitat selection of translocated animals and assess timing and causes of calf mortality. With small populations following a translocation, there are usually limited data available to investigate habitat selection, and therefore little or no information for land managers. Although defining available habitat for newly translocated animals is often arbitrary and subjective, a preliminary evaluation of habitat selection can provide some in forTranslocation and Recovery Efforts for the Telkwa Caribou, Rangifer tarandus caribou, Herd in Westcentral British Columbia, 1997 Columbia, -2005 mation on priority areas for protection when assessing other land uses such as forestry and recreation. Trans location success can be evaluated in three phases: (1) initial occupation and reproduction in the new ecosystem; (2) presence of a short-term self-sustaining population, and (3) ultimate population recovery (Comp ton et al. 1995) . We outline findings on habitat selection and calf mortality between 1997 and 2000 and report for phases 1 and 2 of the Telkwa Caribou Herd Recovery Project. We also discuss challenges involved in providing habitat management priorities based on preliminary data from a small reintroduced population.
Study Area
The study area comprises approximately 25 000 km 2 in westcentral British Columbia, with elevations ranging from 300-3000 meters above sea level (Figure 1 
Methods
We located radiocollared animals throughout the year from fixed wing aircraft (Cessna 206, 185, or 172) using standard telemetry equipment. Tracking intervals varied from every four days to every three weeks, depending on funding, season, and weather conditions. We determined geographic location using yoke-mounted, handheld, or panel-mounted Global Positioning System (GPS) units and noted habitat characteristics, activity, group size, and presence of young. The accuracy of relocation data was tested and averaged ± 300 meters. Most locations were determined during morning or mid-day. For the purpose and scale of this study, the data were assumed representative of Caribou habitat use for day and night. Six calves were captured shortly after birth and equipped with radiocollars during the summer of 1999. Caribou calves were captured as close to within 24 hours of birth as possible using a Bell 206 Jet Ranger and a Long Ranger helicopter and a capture crew of three people. Calves were sexed, weighed, and fitted with VHF radiocollars (Lotek Engi neering, Newmarket, Ontario) with motion sensitive mortality sensors. We estimated age by assessing the presence/condition of the umbilical cord, condition of hooves and pelage, posture, and general appearance (Haugen and Speake 1958; Miller et al. 1988) , and calculated weight by subtracting 0.6 kg for each day of estimated age (Adams et al. 1995) . Handling time was approximately five minutes from capture to release. Calves were monitored daily, weather permitting, from date of capture until the end of August. During September and October, we monitored calves weekly and after October they were monitored as a part of regular telemetry flights for the herd. We investigated mortality signals via helicopter the day of discovery.
Data for elevation (meters above mean sea level), slope (%), and aspect (in azimuth measured from north) were derived from a Digital Elevation Model using Arc/INFO v. 7 software. Tiles from the Digital Elevation Model were merged to form a seamless grid covering the study area. Floating point grids were generated for slope and aspect and we created a variable combining elevation and slope. Data on habitat type (leading tree species or non-productive timber area), crown closure (%), and tree age (using leading tree species) were derived from Forest Cover Inventory Polygons (British Columbia Ministry of Forests, Inventory Branch, Victoria, scale 1: 20 000). Values for terrain and habitat variables were summarized (km 2 ) for the entire study area to determine percent availability of the various classes of each variable. Habitat availability was analyzed by the British Columbia Ministry of Environment's regional GIS data analyst, who also produced cartographic output. We used data collected between November 1997 and April 2000 to analyse habitat use and determined terrain and forest cover values for all telemetry locations. To assess habitat selection, we followed sampling design 2 of Manly et al. (1993) , where individual animals were identified and the use of resources was measured for each individual, but availability was measured at the population level.
To assess habitat use associated with calving, we used locations for eight cows with calves (n = 123 locations) and eight without calves (n = 128 locations) collected during the summer of 1999. We compared summer data (n = 150 locations) with locations obtained during the rest of the year (n = 145 locations) to account for differences not attributed to calving. Locations were divided into two groups:
(1) calving (25 May -6 July) (2) all-year (1 January -24 May, and 7 July -31 December)
We analyzed habitat selection using Resource Selection for Windows (RSW), a 32-bit Windows program for analyzing preference (Leban 1999) . Using Johnson's (1980) method, which orders all variable components by rank for usage and availability, we measured habitat preference for each animal as the dif ference between the rank of usage and the rank of availability. We averaged these differences across animals to obtain a mean value for each habitat component and then compared the values to determine a ranking from least preferred habitat component to most preferred. We tested for habitat selection using alpha = 0.05. We compared habitat use of reproductive cows and cows without calves using analysis of variance (repeated measures, alpha = 0.05) within each group and within each season using SPSS 10.0 (SPSS Inc. 1999). The herd consisted primarily of translocated Caribou during the study and we considered the radio-collared animals to be a random sample of the Telkwa Herd.
Results
High elevation habitat on moderate slopes (> 1700 meters above sea level, 16 -45%) received the highest ranks (Table 1) . Caribou also made extensive use of the steep rugged mountains in the Telkwa range (>1700 m, > 45%). Aspects 136 -315°received the highest rank (Table 2 ). The rank values for aspect appear to contradict the information on use versus availability. However, data on use report only overall percentage of use, and taking behavior of individual animals into account; the 136 -315°aspects receive the highest rank. Less than 1 ⁄ 3 of locations (405 of 1424) were in forested habitats (Table 3) , and of these locations, forests > 250 years old received the highest rank.
For analysis within groups, we found a significant difference in mean elevation between calving time and the rest of the year for cows without calves, but not for cows with calves. For analysis within season, we found a significant difference in mean elevation for calving time but not for the rest of the year. Although sample sizes were smaller for calving time, both groups had a narrower range in elevation during calving and individual differences in elevation use were also higher during calving than the remainder of the year (Figures 2 -5) . Figure boxes represent the interquartile range containing 50% of the values, with a line showing the median value. Error bars represent the highest and lowest values, excluding outliers (extreme values). Most cows gave birth in alpine locations, in exposed areas free of snow. Of the 16 cows sampled, only cow #151 made extensive use of elevations below 1400 meters throughout the year (Figure 4) .
Calving time for Telkwa Caribou ranged from 26 May until 10 June, and six Caribou calves were collared between 3 June and 10 June 1999. Five were males born to transplanted Caribou cows and one was a female calf born to the only resident collared cow. Average birth weight was 8.4 kg (range 6.9 -9.4 kg). Three of the six calves died shortly after birth. One calf likely died from abandonment, whereas cause of FIGURE 1. The study area in British Columbia, 1997 Columbia, -2000 death for the second calf appeared to be avian predation, most likely Golden Eagle. Cause of death for the third calf was unknown. The calf had remains of what appeared to be milk curds in the stomach and small amounts of vegetation. However, membranes inside the hide appeared dry and indicated dehydration. No signs of predation or scavenging were evident. We found adult tracks, likely made by the mother, circling the carcass. During the first year after the transplant (1998), we observed five calves in the herd. The following year, we saw one yearling in the herd, as well as 12 new calves and one cow with an extended udder, indicating she recently had given birth and lost her calf. We observed eight calves during the 1999 October calf count. Recent surveys of the herd found 16 cows with calves in October 2003 and 23 the following year. In October 2005 ten cows with calves were counted. However, the decrease in cow/calf numbers from 2004 to 2005 may reflect fewer functioning radio collars in the herd during 2005, thus increasing the probability that some Caribou groups went undetected (G. Schultze, personal communication).
Discussion
The Telkwa Caribou Herd appears to select high elevation habitat with moderate slopes, which corresponds with earlier observations (van Drimmelen 1986*; Bill Holland, personal communication in Stronen 2000). The herd uses gentle to moderate slopes throughout much of the year, which is common for Woodland Caribou (Edmonds and Bloomfield 1984; Seip 1990*; Terry et al. 1996; Wood and Terry 1999) . However, use of steep slopes is also reported (Hatler 1987*; Terry et al. 1996) . Woodland Caribou have been found using southern/warm aspects (Edmonds and Bloom field 1984; Warren et al. 1996) , northern/cool aspects (Warren et al. 1996) or to show no apparent selection (Seip 1990*) . Use also varies between years and seasons (Terry et al. 1996; Wood and Terry 1999) . When in forested habitat the Telkwa Caribou Herd appears to select old forests, which corresponds with other studies (Cichowski 1993; Terry et al. 1996 (Stevenson and Hatler 1985; Wood and Terry 1999) . We found the Telkwa Caribou Herd in forested habitat only one-third of the time. However, divisions between arboreal-and terrestrial lichen-dependent groups are not absolute. The temporal impacts of icing, deep snow, and other environmental conditions may at times prevent Caribou from obtaining terrestrial lichens, making areas of arboreal lichens provisionally more important (van Drimmelen 1986*; Edmonds 1988; Cichowski 1993) . Forests 141-250 years old received the highest use but the lowest rank. This is the most abundant forest age class (Table 3) . Whereas the small number of Caribou during this study did not use this age class in proportion to availability, the low rank does not equal avoidance or lack of importance. Future monitoring could also help clarify whether certain areas within this forest age class are locally important. The difference in elevation use between barren and reproductive cows during calving season might be due to reproductive status. There are, however, wide differences within each group. As four of eight barren cows remained at high elevations (which presumably meant forgoing nutritional opportunities, at least in spring/early summer), this could be an antipredator strategy employed regardless of reproductive status. Based on this study, possible antipredator tactics for protecting a calf can not be distinguished from those that cows seem to use for their own protection. Edmonds and Smith (1991) reported that cow/calf pairs localised movement to relatively small geographic areas in early June (1-15) and did not increase the size of their ranges until after July. The Telkwa Caribou displayed similar behaviour, as cow/calf pairs in the Telkwa Herd remained relatively stationary until the middle of July. Subsequently, some pairs made long distance movements (one pair moved 50 km over a few days). The calving time for Telkwa Caribou corresponded to that reported by Edmonds (1988) for westcentral Alberta. As only one birth from a resident Caribou was recorded (10 June), it was not possible to examine any differences between transplant and resident animals.
Some cows in the Telkwa Caribou Herd appeared more sensitive to fixed-wing aircraft during the first couple of weeks post-calving than during the rest of the year, but we noted a wide range in behaviour. Cichowski (1993) reported that most adult females were found alone on ridge tops during calving. Two Telkwa cows calved on the top of a rocky ridge and were joined by two other cows with calves in the middle of June. The ridge had few access points but biophysical information suggests low potential for lichen production. All four calves were found alive in October. The use of ridges may be a trade-off between predator avoidance and the availability of abundant high protein food (Bergerud and Miller 1984) . Cichowski (1993) found that most calving sites were within 10 km of previous calving sites and Seip (1990*) reported many Caribou use the same calving locations each year. We could not analyse fidelity to calving areas within the Telkwa Herd and it would take several years be fore this could be assessed. Caribou calving areas could change from year to year as an antipredator strategy (Bergerud and Miller 1984), and Valkenburg et al. (1988) warned against making management decisions based on Caribou calving areas located during narrow time intervals. However, previously known calving areas identified by the Traditional Ecological Knowledge of the Wet'suwet'en First Nation (B. Holland, in Stronen 2000) should be considered when making management decisions, as this information is based on years of observation and would indicate fidelity to specific calving sites.
Small sample size precluded analysis of calf mortality for the Telkwa herd but suggested that avian predation was a factor. Recruitment data from November 1998 to April 2000 seemed to indicate that low production of calves was a factor of equal or higher importance than the loss of calves. If the low recruitment of calves was due to calf predation, a higher frequency of Caribou cows with extended udders but without calves would be expected. Females without calves commonly shed their antlers in March and April and exhibit fresh antler growth during the calving period, whereas pregnant females shed their antlers near calving in May and June (Bergerud 1980 ). During our surveys at calving time, many cows exhibited fresh antler growth, indicating that they were not expecting a calf that year. The Caribou transplanted from the Sustut Caribou Herd would be expected to show pregnancy rates comparable to those of other populations when they arrived, and reported pregnancy rates usually range from 80% to 90% (Bergerud 1980; Seip 1990*; Edmonds and Smith 1991) . It is possible that stress related to capture, im mobilization, and transplant may have caused abortions or fetal absorptions, or that a large number of the cows were by chance not pregnant. In addition, there may not have been enough bulls to achieve normal pregnancy rates for the Telkwa herd during the first years. At least one resident mature bull was present in the herd during 1998 but due to difficulties associated with movement and collaring of adult bulls only younger males were translocated to the Telkwa Mountains.
Human activities such as recreation and resource extraction may also influence Caribou habitat use. Van Drimmelen (1986*) expressed trepidation over snowmobiling on the winter ranges of the Telkwa Herd and this has been a concern for over 25 years (Bustard 1977*) . The presence of dogs may also cause Caribou to avoid otherwise useful habitat. This is particularly important during calving time, when cows may be extra sensitive to disturbance (Bergerud and Miller 1984) . Need for information related to species translocations and/or small remnant populations will increase in the future. Where habitat availability is poorly estimated it may be particularly important not to label habitats and resources, which may be important in the long term, as avoided. We chose Johnson's (1980) meth od because it is relatively insensitive to decisions on what constitutes available habitat for the Telkwa Caribou Herd. If habitat components are used in proportion to availability, the rank ordering of use and availability will be the same. However, the converse is not necessarily true; the use and availability proportions could be different across habitat components, while still having the same rank, thus resulting in high Type 2 errors (where a difference in proportional selection is not detected) Ratti 1986, 1992) . A bias may also occur against small habitat patches when the size of error area for locations [here ± 300 m] is independent of habitat patch size (Rettie and McLoughlin 1999) . Many wetlands in our study area were too small to be captured in Forest Cover data and Houwers (1996*) reported that distribution of arboreal lichens in the Telkwa Mountains was patchy. These two habitat units, too small to be noted by our analysis, may be vital for long-term survival of the Telkwa Caribou Herd. The size of habitat required by Caribou to avoid predation may be significantly greater than the amounts required to obtain sufficient forage (Stevenson et al. 1994*; Seip and Cichowski 1996) , and requirements for predation avoidance could be 10 times larger (Bergerud 1980 
